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report  also  briefly  describes  the  analytic  procedures  used  and  the  assumptions 
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ABSTRACT 


This  report  is  the  second  in  a  series  that  considers  the 
inclusion  of  seakeeping  data  in  ship  operations  planning  and 
decision  making.  It  presents  a  condensed  version  of  a  Catalog 
of  Heavy  Weather  Operator  Guidance  (HWOG)  developed  for  FF-1052 
Class  ships.  The  Catalog  provides  the  ship  operator  with  hard 
copy,  quantitative  predictions  as  to  how  the  ship  responds  in  a 
seaway  and  some  guidance  for  avoiding  excessive  ship  motions  or 
related  events,  such  as  slamming  and  wetness,  that  may  cause 
damage  to  the  ship  during  heavy  weather  conditions.  The  Catalog 
makes  no  attempt  to  tel  1  the  operator  what  to  do,  but  rather 
describes,  through  seakeeping  operator  envelopes  (SOE's),  what 
he  may  expect  under  a  set  of  arbitrary  sea  conditions.  It  is 
intended  that  the  application  of  the  provided  data  should  be 
made  with  good  judgment,  the  consideration  of  mission  requirements, 
and  the  operator's  firsthand  interpretation  of  prevailing  conditions. 

In  brief,  the  HWOG  Catalog  consists  of  graphs  which  indi¬ 
cate  the  ship  heading  and  speed  combinations,  for  a  variety  of 
sea  conditions,  that  may  cause  excessive  ship  motions  or  related 
events,  and  hence  damage  to  the  ship,  or,  some  loss  of  mission 
effectiveness,  combat  readiness,  or  crew  safety.  In  addition,  the 
Catalog  indicates  heading  and  speed  combinations  which  may  minimize 
ship  motions.  The  criteria  used  for  identifying  ship  damage 
potential  were  developed  upon  examination  of  Casualty  Reports 
(CASREPTS)  for  the  FF-1052  Class  ships.  The  criteria  are  considered 
somewhat  tentative  due  to  the  lack  of  quantitativeness  in  these  re¬ 
ports.  A  wide  variety  of  operational  environments  have  been  con¬ 
sidered  due  to  the  complexity  and  variability  of  sea  conditions  that 
occur  throughout  the  worldwide  naval  operational  area. 

In  addition  to  presenting  a  condensed  version  of  the  HWOG 
Catalog,  this  report  also  briefly  describes  the  analytic  proce¬ 
dures  used  and  the  assumptions  made  in  the  development  of  this 
Catalog,  which,  it  should  be  noted,  are  the  result  of  the  cooper¬ 
ative  efforts  of  the  design,  R&D,  and  operations  communities. 

ADMINISTRATIVE  INFORMATION 

The  work  reported  herein  was  carried  out  at  the  request  of  the  Naval 
Sea  Systems  Command  (NAVSEA  934)  and  authorized  by  the  Naval  Ship  Engineering 
Center  (NAVSEC)  Work  Requests  WR-75932  and  WR-81527  and  the  Conventional 
Ship  Seakeeping  Research  and  Development  Program,  which  is  funded  under 
Project  Number  62543N  and  Block  Number  SF  1*3  Ml  212.  It  is  identified  by 
the  Work  Unit  Numbers  1-1 568-884 ,  1-1568-889,  and  1-1504-100-18,  respectively, 
at  the  David  W.  Taylor  Naval  Ship  Research  and  Development  Center  (DTNSRDC) . 
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INTRODUCTION 


This  report  is  the  second  in  a  series  that  will  address  the  generic  topic 
of  the  use  of  seakeeping  in  ship  operations.  Simply  speaking,  the  topic 
implies  the  use  of  quantified  descriptions  of  the  ship'*;  potential  dynamic 
responses  to  the  encountered  natural  environment  in  order  to  minimize 

a.  transit  times 

b.  fuel  consumption 

c.  degradation  of  mission  effectiveness 

d.  shipboard  damage 

e.  the  possibility  of  catastrophe  (e.g.,  broaching,  capsizing,  or 
major  structural  failure) 

■h 

The  first  report  in  this  series,  see  Reference  1,  provides  an  overview  of 

available  technology  that  can  be  applied  to  the  development  of  tools  to  pro¬ 

vide  such  seakeeping  intelligence.  This  report  concentrates  on  the  area  of 
damage  avoidance  due  to  heavy  weather. 

Specifically,  this  report  documents  the  development  of  seakeeping 
intelligence  applicable  to  heavy  weather  damage  avoidance  for  FF-1052 
Class  ships.  The  FF-1052  has  been  singled  out  for  this  pilot  study  because 
of  persistent  heavy  weather  damage  to  the  Class  and  requests  from  the  fleet 
to  Naval  Sea  Systems  Command  for  improved  ship  seakeeping  performance. 

The  work  reported  herein  is  an  attempt  to  transfer  state-of-the- 
art  seakeeping  prediction  tools  from  the  ship  design  and  R&D  communities 
to  the  fleet  in  order  to  provide  some  guidance  for  avoiding  damage  in  heavy 
weather.  Other  efforts  (e.g.,  ship  alterations  such  as  the  installation  of 
bulwarks  and  spray  rails)  aimed  at  improving  seakeeping  performance  of  the 
ship  class  are  not  addressed  in  this  report.  In  brief,  this  report  describes 
the  development  of  the  Heavy  Weather  Operator  Guidance  (HWOG)  Catalog  for 
FF-1052  Class  ships,  based  on  procedures  that  have  been  developed  using 
state-of-the-art  analytical  techniques.  Initially,  a  description  is 
given  of  these  procedures.  Then,  a  condensed  version  of  the  Catalog,  which 
is  voluminous  in  its  complete  form,  is  given.  In  addition  to  the  seakeepinq 

A  complete  listing  of  references  is  given  on  page  11. 


operating  envelopes  (SOE's)  and  ship  response  data  base  graphs  provided  in 
the  Catalog,  a  simple  procedure  for  operator  modification  of  the  SOE  's  is 
outlined.  Also,  a  simple  survey  aimed  at  soliciting  fleet  feedback  is  pro¬ 
vided. 

Other  topics  on  the  operational  use  of  seakeeping  intelligence  in  such 
areas  as  enhanced  mission  effectiveness,  improved  personnel  comfort,  and 
optimum  task  group  routing  will  be  addressed  in  future  reports. 

CALCULATION  PROCEDURES 

The  calculation  procedure  developed  to  produce  the  FF-1052  HWOG 
Catalog  is  shown  in  Figure  1.  State-of-the-art  techniques  for  predicting 
ship  motions  and  defining  directional  seaways  were  used  so  that  only  brief 
descriptions  of  the  techniques  are  provided  in  this  report.  New  computer 
program  development  was  minimized,  but  that  required  was  completed  such 
that  the  entire  procedure  could  be  easily  generalized  to  address  a  variety 
of  other  ship  performance  prediction  applications.  Additionally,  the  pro¬ 
cedure  was  developed  in  a  modular  fashion  such  that  modification  of  any  one 
component  for  future  applications,  such  as  those  described  in  Reference  2, 
could  be  efficiently  achieved. 

The  ship  response  amplitude  operator  (RAO)  functions  were  mostly  developed 
using  the  well-known  s i x-degree-of-f reedom  program  documented  in  Reference  3, 

it 

and  identified  as  HANSEL.  As  the  HANSEL  program  uses  a  heading  convention 
based  on  a  head  seas  definition  of  180  degrees,  port  beam  seas  definition  of 
90  degrees,  etc.,  a  post-processing  program  was  developed  to  convert  the 
RAO's  to  the  required  convention.  The  CONVERT  program  reorders  the  RAO's  such 

that  head  seas  are  defined  by  0  degrees,  starboard  beam  seas  are  defined  by 
90  degrees,  etc. 


*  Antiroll  fin  stabilized  roll  motion  RAO's  were  computed 
for  a  pair  of  fins  with  a  75  ft;  planform  area,  using  a 
simplified  application  of  the  FINCON  computer  program. 
Documentation  for  this  computer  program,  which  is  based  on 
the  work  of  Reference  b  for  antiroll  fin  design  and  per¬ 
formance  evaluation  procedures,  will  be  published  in  late  1 979 • 
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This  convention  Is  acceptable  to  the  ship  operator,  being  consistent  with 
the  use  of  the  compass  onboard  ship,  and  was  considered  appropriate  for  the 
presentation  of  the  operationally  applicable  data  given  in  the  HWOG  Catalog. 

The  speed  polar  graphs,  described  later,  also  utilize  this  convention. 

A  new  program,  which  predicts  sMp  responses  in  a  directional 
j^eaway,  SHREDS,  was  developed  as  the  main  calculation  tool  of  the  procedure. 

The  program  permits  the  calculation  of  any  ship  response  at  any  location 
along  the  ship.  Absolute  longitudinal,  lateral,  and  vertical  responses 
at  arbitrary  locations  were  calculated  using  the  procedure  given  in 
Reference  5-  Kinematic  relative  motions  are  calculated  using  the  vector 
sum  of  the  absolute  motions  and  the  wave  elevation  at  a  specified  location. 
Slamming  at  a  specified  location  is  calculated  using  procedures  given  in 
Reference  6.  The  summation  of  the  discrete  products  of  the  RAO's  and  the 
wave  spectral  variances  was  accomplished  using  an  algorithm  given  in  Reference  7- 
The  seaways  used  in  this  particular  work  were  defined  using  the  two-parameter 
Bretschne i der  formulation,  see  Reference  8.  Either  long-crested  or  short- 
crested  seas  were  specified.  Short-crested  seaways  were  defined  in  the 
conventional  manner  using  a  cosine  squared,  +90-degree  spreading  function, 
though  Reference  2  indicates  the  potential  for  using  additional  energy 
spreading  widths.  Additional  features  of  SHREDS  are  given  in  the  user's 
manual  provided  by  Reference  9. 

The  actual  hard  copy  guidance,  provided  in  the  HWOG  Catalog,  was  developed 
using  interactive  graphics  techniques.  The  SEAKEEPING  graphics  program* 
provides  speed  polar  graphs  of  the  ship  responses  and  identifies  regions  where 
certain  limiting  values  of  the  ship  responses  are  attained.  The  program  is 
generally  run  in  an  interactive  mode  so  that  the  utilization  of  the  previously 
developed  ship  response  limits  is  done  as  the  speed  polar  graphs  are  generated. 
Speed  polar  graphs  were  first  formally  introduced  to  the  ship  design  and 
engineering  communities  in  Reference  10,  and  are  described  in  such  detail  in 
the  HWOG  Catalog  that  they  are  not  further  discussed  here.  The  ship  response 
limits  were  derived  in  part  by  an  analysis  of  Casualty  Reports  (CASREPTS) 
for  storm  damage  incurred  on  FF-1052  Class  ships,  see  Reference  11.  These 
limits  are  also  described  in  detail  in  the  Catalog  and,  because  of  the 
tentativeness  associated  with  them,  a  procedure  for  operator  modification 
of  the  SOE ' s  is  provided. 

*  The  program  was  developed  by  Code  1843  personnel  at  DTNSRDC,  and 
as  yet,  is  not  formally  documented. 
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These  were  derived  in  part  by  examination  of  the  Nordenstrom  relationship 

it 

g i ven  i n  Equat ion  1 . 

As  indicated  in  the  Catalog,  modal  (peak)  wave  periods  which  occurred 
five  percent  or  more  of  the  time  for  each  wave  height  were  included,  see 
Table  1  in  the  Catalog  text  in  the  Appendix.  A  2-second  interval  on  the 
included  period  was  specified  to  correspond  to  the  observed  data  of 
Reference  13  and  is  considered  to  provide  appropriate  definition  of  the 
ship  response  characteristics. 

The  specification  of  the  occurring  seaway  is  the  key  used  to  access  each 
ship  response  chapter  of  the  HWOG  Catalog  and  is  discussed  in  full  detail  in 
the  Catalog  text.  Of  special  note  is  the  guidance  provided  for  proper  esti¬ 
mation  of  the  wave  period  in  the  absence  of  reliable  forecasts  of  the  para¬ 
meter.  The  guidance  figures  provided  as  Figure  1  (head  and  following  seas) 
and  Figure  2  (bow  and  quartering  seas)  in  the  Catalog  text  were  developed  by 
solving 


0.33  V  cos  pi 

„2  1 


(2) 


for  values  of  T^ ,  the  encountered  wave  period  in  seconds,  given  values  of  V, 
the  ship  speed  in  knots,  y,  the  ship-to-wave  heading  angle  in  degrees,  and  T, 
the  true  wave  period  in  seconds.  Generalization  of  the  solutions  for  various 
ship  headings  and  speeds  was  achieved  by  examining  the  data  base  of  FF-1052  ship 
responses  developed  utilizing  the  SHREDS  computer  program. 

As  indicated  previously,  seakeeping  guidance  for  both  long-crested  and 
short-crested  seas  was  included  in  the  Catalog.  The  short-crested  seas  were 
represented  using  the  cosine  squared,  +90-degree  model  though  a  brief  study  using 
alternative  spreading  widths  was  undertaken.  The  study  was  conducted  because  of 
early  findings  in  the  development  of  the  Navy's  20-Year  Hindcast  Wind  and  Wave 
Climatology  described  in  Reference  lA.  Those  findings  appear  to  indicate  that 
the  energy  about  a  point  is  frequently  spread  about  +60  degrees  rather  than  the 
traditionally  used  +90  degrees.  Speed  polar  graphs  for  a  variety  of  ship  responses 

*lt  should  be  noted  that  only  dimensions  of  feet  were  used  throughout 
the  Catalog.  This  was  done  at  the  request  of  NAVSEA  and  due  to  the 
fact  that  the  operational  Navy  does  not  yet  use  metric  units. 


were  developed  and  compared  for  various  spreading  widths,  e.g.,  +45,  +60, 

+90  degrees.  As  one  would  expect,  the  +45_degree  cases  generally  showed 
similar  ship  response  contour  trends  to  the  +60-degree  cases.  However, 
the  ship  response  contours  for  the  +60  and  +90-degree  cases  generally 
varied  enough  that  different  operator  decisions  (selections  of  combinations 
of  headings  and  speeds)  would  result  depending  on  which  spreading  width  was 
used.  Ultimately,  it  was  decided  that  the  +90-degree  spreading  width  would 
be  used  to  generate  the  short-crested  sea  data  for  the  HWOG  Catalog.  This 
was  considered  appropriate  as  the  results  from  the  20-year  climatology  work 
are,  as  of  yet,  somewhat  tentative. 

Other  initial  results  from  the  climatology  work  indicate  a  frequent  occur¬ 
rence  of  asymmetric  energy  spreading  which  appears  to  be  dependent,  at  least  in 
part,  on  geographic  location.  The  cosine  squared  function  used  in  this  work 
permits  only  symmetric  energy  spreading.  Thus,  at  some  future  time,  as  the 
final  climatology  results  become  available,  it  may  be  necessary  to  update 
the  short-crested  model  used  in  this  and  other  ship  response  simulations  to 
permit  variable  shapes  and  widths  in  wave  energy  spreading.  The  modularity 
of  the  operator  guidance  implementation  technique,  discussed  in  Reference  2, 
should  facilitate  this  type  of  update  to  the  SHREDS  (or  other)  ship  response 
computer  program.  Further  discussion  about  the  currently  used  cosine  squared 
model  is  given  together  with  a  generalized  form  in  Reference  2. 

CATALOG  CONTENTS  AND  STRUCTURE 

The  HWOG  Catalog  is  structured  such  that  the  operator,  upon  reading  the 
introductory,  se I f-teach i ng  text,  is  ready  to  begin  accessing  and  applying  the 
ship  seakeeping  graphs  which  are  provided  as  individual,  removable  chapters  in  the 
notebook  containing  the  Catalog.  Each  chapter  provides  the  ship's  seakeeping 
characteristics  for  one  seaway  type  defined  by  height,  period,  and  directionality 
values.  The  chapters  contain  first  the  Seakeeping  Operating  Envelopes  (SOE's) 
and  then  the  Data  Base  Speed  Polar  Graphs.  The  Data  Base  Graphs  permit  the 
operator  to  modify  the  SOE's  to  reflect  alternative  motion  or  event  damage 
limiting  criteria. 

The  complete  FF-1052  Class  HWOG  Catalog  has  been  issued  as  a  NAVSEA  report, 
see  Reference  15,  and  distributed  to  Fleet  Commanders  for  initial  evaluation. 
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The  Appendix  to  the  current  report  provides  a  selected  extraction  of 
material  from  Reference  15-  The  self-teaching  Introductory  text 
is  included  in  its  entirety.  Then  a  typical  seaway  chapter,  for  example 
for  the  long-crested  seaway  characterized  by  a  height  of  20  feet  and  a 
period  of  9  seconds,  i'  given. 

A  simple  procedure  for  operator  development  of  modified  SOE 1 s  is 
described  in  the  text,  and  transparent  speed  polar  grid  overlays  are  pro¬ 
vided  for  this  purpose.  Also  included  is  a  simple  survey  aimed  at  soliciting 
user  feedback.  A  standard  form  that  is  already  familiar  to  the  fleet  was 
included  for  this  purpose.  The  form  has  been  used  in  the  past  for  providing 
a  simple  user  evaluation  of  combat  system  technical  manuals  and  lends  itself 
readily  to  the  current  purpose.  A  sample  grid  and  survey  sheet  are  provided 
herein  after  the  seaway  chapter. 

It  should  be  noted  that  feedback  from  the  fleet  regarding  the  utility  of 
the  HWOG  Catalog  is  considered  essential.  Whether  the  operators1  evaluation 
of  this  tool  is  negative  or  positive,  it  is  expected  that  the  design  and  RSD 
communities  will  benefit  from  the  exchange.  It  is  especially  likely  that  some 
insight  into  improved  performance  criteria  may  result  as  well  as  further  identi¬ 
fication  of  the  need  for  realistic,  real-time  wave  forecasting  and/or  measure¬ 
ment  techniques. 

CONCLUDING  REMARKS 

This  report  documents  the  development  of  the  simplest  and  most  economic 
form  of  seakeeping  intelligence  for  operational  usage.  Two  other  implementation 
forms  are 

1.  joint  shore/onboard  guidance  developed  in  real  time 

2.  sensor/onboard  guidance  developed  in  real  time 

and,  though  more  sophisticated  and  hence  more  costly,  may  provide  more  useful  sea¬ 
keeping  (representative)  data  to  the  fleet  operator  because  of  the  Improved  quality 
of  the  sea  surface  description.  A  more  detailed  discussion  of  these  techniques  is 
given  in  Reference  2. 

As  the  current  Catalog  is  evaluated  and  used  by  fleet  operators,  work  is 
continuing  in  the  design  and  R6D  communities  to  improve  performance  criteria, 
wave  models,  wave  (and  wind)  statistics,  and  ship  response  amplitude  operator 


prediction.  In  addition,  several  additional  hard  copy  catalogs  intended 
to  provide  fleet  support  In  additional  areas  (Test  and  Evaluation  (T&E) 
and  Helicopter  Operations),  are  currently  planned  for  some  recent  new  ship 
classes  or  ship  modernizations. 

The  development  techniques  and  operational  evaluation  of  these  catalogs 
will  be  reported  as  they  become  available.  The  current  HWOG  Catalog  has  been 
examined  by  the  environmentalists  at  Fleet  Numerical  Weather  Central  (FNWC) 
and  is  being  considered  for  dissemination  to  the  fleet  as  a  product  to  aid  in 
ship  routing.  Also,  It  is  currently  planned  to  initiate  a  program  to  transfer 
ship  motion  and  limiting  performance  criteria  from  NAVSEA  and  DTNSRDC  to  FNWC 
for  a  variety  of  naval  ship  classes.  These  data  would  then  be  combined  with 
environmental  forecasts  to  provide  additional  guidance  to  the  fleet.  This  type 
of  guidance  development ,  a  variation  on  those  mentioned  above,  will  provide 
additional  insight  into  the  value  of  seakeeping  intelligence  in  ship  operations 
planning  and  decision  making. 
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examination  of  Casulaty  Reports  (CASREPTS)  for  the  ship  class.  A  wide 
variety  of  seaways  have  been  considered  due  to  the  complexity  and  vari¬ 
ability  of  sea  conditions  that  occur  throughout  the  worldwide  naval  oper¬ 
ational  area. 

The  remainder  of  this  Catalog  provides  the  actual  Heavy  Weather 
Operator  Guidance  prefaced  with  Instructions  for  Its  usage  by  FF-1052  Class 
ship  operators.  Additionally,  a  simple  form  for  providing  fleet  feedback 
to  the  design  and  R&D  communities  Is  provided.  Such  feedback  will  facili¬ 
tate  assessment  of  the  utility,  content,  format  and  completeness  of  this 
Catalog . 

INSTRUCTION  FOR  USAGE 

In  brief,  this  Catalog  of  seakeeping  guidance  is  structured  such  that 
having  once  determined  the  seaway  In  which  the  ship  is  operating,  the 
operator  may  quickly  turn  to  the  section  of  graphs  specifying  ship  motions 
or  related  events  which  could  occur  In  that  seaway.  He  can  then  proceed 
with  a  rapid  evaluation  of  the  ship's  Operating  Envelopes  which  summarize 
those  heading  and  speed  combinations  likely  to  cause  damage,  and  hence 
mission  effectiveness  degradation,  to  the  ship.  Additionally,  a  more 
thorough  evaluation  of  the  ship's  motions  and  related  events  can  be  con¬ 
ducted  using  Data  Base  graphs  provided  for  each  seaway.  As  the  seaway  Is 
the  key  by  which  the  rest  of  the  Catalog  Is  accessed,  Its  definition  and 
specification  are  discussed  in  some  detail.  Subsequently,  the  two  types 
of  ship  motion  and  event  graphs  will  be  Introduced  and  discussed. 

SEAWAY 

The  seaway,  at  any  instant,  is  a  unique  combination  of  many  waves 
which  can  change  radically  In  a  short  time.  Thus,  the  seaway  environment 
In  which  a  naval  ship  must  operate  Is  enormously  varied  both  with  respect 
to  time  and  ocean  location.  However,  In  Its  simplest  form,  the  sea  can  be 
regarded  as  varying  combinations  of  three  distinct  physical  parameters. 
These  are  wave  height,  wave  period  (or  wavelength)  and  wave  directionality. 
Scientists  have  found  that  by  treating  these  three  seaway  parameters  sta¬ 
tistically,  it  Is  possible  to  provide  a  reasonably  realistic  description 


of  the  seaway  In  which  the  ship  must  operate.  The  Operating  Envelopes  and 
Data  Base  graphs  which  comprise  this  Catalog  are  defined  using  these  three 
parameters,  so  values  for  these  parameters  must  be  determined  in  order  to 
access  the  graphs. 

Table  2  presents  a  summary  of  the  wave  height  and  period  combinations 
associated  with  heavy  weather  and  included  In  this  Catalog.  For  example 
various  wave  heights  from  10  to  AO  feet  and  wave  periods  from  5  to  19 
seconds  have  been  included.  The  waves  are  considered  to  be  either  primar¬ 
ily  confused  or  multidirectional  and  called  short-crested  or  primarily 
unidirectional  and  called  long-crested. 

The  ship  operator  must  determine  values  of  the  height,  period,  and 
directionality  parameters  of  the  prevailing  seaway  to  decide  which  section 
of  the  Catalog  to  turn  to.  At  present  the  parameter  values  can  be  deter¬ 
mined  from  any  one  of  three  means  defined  on  Table  3.  Both  the  FAX  and 
WEAX  reports  described  in  the  table  can  provide  accurate  estim.ates  of  the 
wave  height  parameter  required  to  access  the  Catalog.  However,  wave  period 
and  overall  directionality  characteristics  (long-crested  or  short-crested) 
are  not  routinely  provided  by  either  FAX  or  WEAX  reports  and  local,  fast 
moving  phenomena  may  go  unreported.  The  third  alternative,  shipboard 
(visual)  observat ions ,  Is  limited  by  observer  skill,  though  nominally, 
during  periods  of  good  visibility,  all  three  of  the  required  wave  parameters 
can  be  estimated.  As  a  general  rule,  it  is  recommended  that  the  operator 
determine  the  three  values  by  whatever  means  are  both  most  expedient  and 
provide  the  most  accurate  quantification  of  his  operating  environment. 

For  example,  if  WEAX  reports  are  available  and  appear  reasonable  to  the  local 
situation,  they  should  be  used  to  determine  height  and  predominant  direction 
values.  If  the  visibility  permits,  the  period  (as  well  as  the  height  and 
direction  values  In  the  case  when  forecasts  are  either  unavailable  or  not 
realistic)  should  he  determined  from  visual  observations.  If  visibility 
does  not  permit  visual  observations,  the  operator  should  use  the  most 
likely  period  values,  Identified  on  Table  2  by  the  heavy  blocking,  as  well 
as  assume  short-crested  sea  directionality  to  access  the  Catalog.  Short- 
crested  seas  can  be  assumed  in  this  case  because  they  occur  more  often  in 
nature  than  long-crested  seas;  however,  it  should  be  noted  that  more 
severe  ship  motions  and  related  events  can  occur,  at  some  predominant 
headings,  in  long-crested  seas. 
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In  order  to  assist  the  operator  In  making  visual  determination  of  the 
three  seaway  parameters,  each  of  them  Is  now  briefly  described,  and  visual 
aids  for  assigning  values  to  them  are  suggested. 


Wave  Height 

The  visual  observation  of  wave  height  Is  difficult  and  relies  primari¬ 
ly  upon  the  observer's  ability  to  Judge  height.  The  value  observed  Is 
the  peak-to-trough  or  double  amplitude  height  and  Is  generally  considered 
to  be  the  so-called  significant  wave  height  (the  average  of  the  one-third 
highest  of  all  waves  in  a  given  seaway).  Experience  Indicates  that 
observed  values  oscillate  about  the  true,  statistical  significant  wave 
height.  Thus,  Table  2  Indicates  a  range  of  observed  values  about  each 
significant  wave  height  contained  In  the  Catalog.  For  example,  If  the 
operator  observes  waves  of  13  feet,  then  the  Catalog  graphs  for  15  feet 
should  be  used. 

If  the  operator  has  reliable  FAX  or  WEAX  reports  available,  the 
Catalog  should  be  accessed  using  the  forecasted  height  entry.  For  example, 
If  significant  wave  height  Is  forecasted  as  ?3  feet,  then  the  Catalog 
graphs  for  10  feet  should  be  used. 

It  Is  often  convenient  to  use  the  term  Sea  State  to  Indicate  the 
severity  of  the  seaway.  Table  4  provides  a  Sea  State  Chart  based  on 
worldwide,  all  season  naval  operational  environments.  For  example,  the 
most  likely  Sea  State  that  a  ship  will  encounter  is  a  State  5  wherein  sig¬ 
nificant  wave  height  ranges  from  7. It  to  13  feet.  In  general,  local  open- 
ocean  seas  are  caused  by  the  severity  and  duration  of  the  winds,  so  wind 
speeds  have  been  Indicated  on  the  chart.  In  the  open  ocean,  winds  can  be 
used  as  an  Indicator  of  significant  wave  height  If  both  the  direction  and 
the  speed  have  persisted  for  a  number  of  hours.  In  cases  where  the  seas 
are  not  a  direct  result  of  local  wind  action,  the  wave  heights  are  refer¬ 
red  to  as  swell  waves  and  have  traveled  Into  the  local  area  from  a  distant 
storm.  In  this  case,  the  winds  may  be  calm. 

Wave  Period 

Determination  of  the  wave  period  (or  wavelength)  Is  sometimes  a 
difficult  task  for  the  observer.  If  the  ship  Is  underway  In  near  head  or 
following  seas,  It  Is  customary  to  use  the  ship  as  a  yardstick  and  estimate 


the  distance  between  wave  peaks.  This  distance  is  the  wavelength  and  can 
be  related  to  wave  period  by  use  of  Figure  1.  For  example,  if  the  ship  is 
operating  In  head  seas,  and  the  distance  between  successive  wave  peaks  is 
estimated  at  about  the  length  of  the  ship,  say  A00  feet,  then  the  wave 
period  is  about  9  seconds.  This  value  is  determined  by  reading  along  the 
bottom  and  the  top  scales  Indicated  on  the  Figure  1  graph.  The  Catalog 
data  for  9  second  waves  should  be  used  In  this  case. 

Wave  period  can  also  be  determined  with  a  stopwatch,  though  the  period 
measured  (time  between  successive  peaks)  is  not  the  true  wave  period  due 
to  the  effect  of  the  ship's  speed.  In  other  words,  the  ship's  speed  alters 
the  frequency  with  which  the  waves  are  encountered  when  compared  to  the 
case  when  the  ship  is  not  underway.  However,  this  encountered  wave  period, 
T^,  can  be  converted  to  the  true  wave  period  by  using  Figure  1.  For 
example,  if  the  ship  is  steaming  at  10  knots  in  head  seas,  and  the  wave 
period  is  measured  to  be  about  9  seconds,  then,  by  reading  along  the  top 
scale  of  Figure  1,  the  true  wave  period  is  seen  to  be  about  10.3  seconds. 

The  Catalog  data  for  11  second  waves  should  be  used  in  this  case. 

Figure  2  presents  similar  graphs  as  Figure  1  for  bow  and  quartering 
seas.  The  following  heading  definitions  should  be  used  with  Figures  1  and 
2  in  order  to  determine  the  appropriate  wave  periods  for  accessing  this 
Catalog: 

1.  Head  seas  -  330  to  30  degrees 

2.  Following  seas  -  150  to  210  degrees 

3-  Bow  seas  -  285  to  330  degrees,  and  30  to  75  degrees 

*t.  Quartering  seas  -  2)0  to  255  degrees,  and  105  to  150  degrees 
These  headings  are  the  predominat  wave  directions  with  respect  to  the  ship 
and  are  discussed  in  the  next  section  as  well  as  in  the  Speed  Polar  Graph 
section  of  the  Catalog.  In  beam  seas  (75  to  105  or  255  to  205),  the  true  wave 
period  is  equivalent  to  the  encountered  wave  period,  and  can  be  determined 
by  measuring  the  period  of  the  waves  with  a  stopwatch.  Thus,  once  the 
operator  has  determined  the  predominant  wave  directions,  the  true  wave  period 
can  be  determined  using  either  Figures  1  or  2,  or  by  measuring  the  wave 
period  in  beam  seas. 

Wave  period  can  also  be  determined  by  measuring  the  duration  of 
certain  ship  motion  cycles.  For  example,  in  head  and  following  seas,  the 


period  of  heaving  (vertical  displacement  |n  the  vertical  plane  of  the  ship's 
center  of  gravity,  for  example,  at  Frame  83)  motion  approximates  that  of  the 

Table  2  Indicates  that  discrete  values  of  wave  period,  at  2  second 
Intervals,  have  been  Included  In  this  Catalog.  Therefore,  some  values  of 
period  determined  by  the  operator  will  fall  between  the  Catalog  values. 

In  such  cases,  the  Catalog  value  nearest  the  operator  determined  value 
should  be  used.  Otherwise,  if  the  operator  determined  value  Is  exactly 
between  two  adjacent  Catalog  values,  both  sections,  e.g.,  for  each  respec¬ 
tive  Catalog  value,  of  the  Catalog  should  be  consulted.  Some  ship  motions, 
such  as  roll  motion,  are  more  sensitive  to  wave  period  than  others,  so 
that,  if  in  doubt  between  two  Catalog  sections,  the  operator  should  select 
the  one  which  maximizes  roll  motion.  This  is  easily  determined  by  comparing 
Data  Base  graphs,  discussed  in  a  subsequent  section. 

Wave  Directionality 

The  final  wave  parameter  which  must  be  estimated  In  order  to  use  the 
Catalog  is  wave  directionality.  Initially,  the  observer  must  determine 
whether  the  seas  are  multidirectional  or  unidirectional.  In  the  former 
case,  the  seas  are  termed  short-crested,  while  In  the  latter  they  are 
called  long-crested.  Short-crested  seas  are  generally  related  to  local 
seas  generated  by  shifting  winds  and  have  a  predominant  direction  about 
which  the  waves  propagate.  For  example,  in  the  northern  northeastern 
Atlantic  (Norwegian  Sea),  during  the  winter,  the  seas  are  generally  con¬ 
fused  seas,  but  propagating  primarily  from  the  west  or  the  north-to- 
northeast.  In  other  words,  the  higher  waves  are  observed  from  the  west  or 
the  north-to-northeast,  though  smaller  waves  are  observed  from  the  south¬ 
west.  Long-crested  seas,  on  the  other  hand,  are  characterized  by  waves 
all  propagating  in  one  direction,  and  generally  relate  to  persistent, 
unshlft Ing  winds  or  to  swells  propagating  from  a  distant  storm.  Long- 
crested  seas  are  characterized  by  long,  parallel  wave  trains.  When  the 
winds  begin  to  shift  to  other  directions,  the  direction  of  the  waves  will 
begin  to  shift,  superimposing  themselves  upon  the  long-crested  seaway  so 
that  the  appearance  of  long,  parallel  wave  trains  is  obscurred.  The 
shorter  waves  formed  by  the  superpos I c Ion ing  of  wave  trains  are  quite 
logically  referred  to  as  short-crested  or  confused  seas. 


As  Indicated  In  Table  2,  and  in  the  above  discussion,  the  user  must 
determine  whether  the  ship  Is  operating  In  short -c rested  or  long-crested 
seas.  I_f_  It  Is  uncertain,  short-ct ested  seas  should  he  assumed ,  though, 
as  noted  previously,  more  severe  ship  motions  and  related  events  can  occur 
In  long-crested  seas  at  some  headings. 

The  predominant  wave  direction  (heading),  with  respect  to  the  ship, 
must  also  be  determined  and  may  be  available  through  FAX  or  WFAX  reports. 
This  parameter  Is  required  when  examining  the  Operating  Envelopes  and  Data 
Base  graphs,  of  which  the  Catalog  guidance  Is  composed, as  It  provides  a 
reference  point  for  the  ship's  current  operating  conditions. 

SHIP  MOTION  AND  EVENT  DAMAGE  LIMITS 

Though  the  dynamics  of  a  ship  In  a  seaway  are  complex,  engineering 
tools  are  now  available  which  permit  a  priori  calculation  of  these  ship 
motions  and  related  events  (such  as  slamming  and  wetness)  given  a  reason¬ 
ably  realistic  specification  of  the  seaway.  As  stated  previously,  the 
primary  purpose  of  this  Catalog  is  to  provide  the  fleet  operator  with  an 
onboard  capability  for  quantifying  the  ship's  seakeeping  characteristics 
In  order  to  avoid  those  conditions  (heading  and  speed)  which  may  cause 
damage  to  the  ship.  Therefore,  the  Operating  Envelopes,  presented  In  the 
Catalog  and  discussed  subsequently,  are  dependent  upon  the  calculation  of 
ship  motions  and  events  which  are  known  to  be  correlated  to  some  shipboard 
damage  when  their  occurrences  become  excessive  due  to  heavy  weather. 

A  study  to  Identify  ship  motion  parameters  which  may  cause  damage 
revealed  that  Casualty  Reports  (CASRFPTS) ,  filed  by  the  fleet  describing 
Incurred  damage  which  may  degrade  mission  readiness,  were  the  best  source 
of  such  Information  available.  Over  12?  reports  of  "storm/weather  damage' 
for  ships  operating  In  either  the  Atlantic  or  the  Pacific  between  1  Janu¬ 
ary  1972  and  17  August  1977  were  examined.  Figure  ?  shows  the  distribution 
of  reported  casualties  reported  throughout  the  year.  The  low  number  of 
reports  for  January  is  likely  due  to  reduced  time  at  sea,  while  the  high 
number  reported  for  operations  during  April  In  the  Atlantic  may  be  due  to 
Increased  time  at  sea  (compared  to  winter),  and  to  ships  being  "caught" 
by  the  last  of  the  winter  storms.  The  high  number  of  reports  In  July  In 
the  Pacific  are  attributed  to  the  periodic  monsoons  In  the  Indian  Ocean 
and  southeastern  Aslan  areas. 


Figure  It  shows  the  casualty  distribution  by  year  as  well  as  by  type  of 
damage.  The  data  have  been  normalized  by  the  number  of  ships  In  service 
each  year.  A  brief  review  of  these  figures  reveals  that  ship  alterations 
(SHIPALTS)  made  to  the  5"/5^  caliber  gunmount  since  197^  have  been  effective 
In  reducing  damage  to  the  gunmount,  while  the  other  Identified  damage 
categories  have  generally  remained  unimproved.  Though  IVDS  doors  were 
Installed  at  the  stern  starting  In  197^,  due  to  difficulties  In  fabrication, 
they  have  served  to  Increase  the  potential  for  structural  failure.  How¬ 
ever,  a  SHIPALT  now  being  implemented  should  alleviate  the  problem  and 
reduce  the  number  of  CASRFPTS  In  that  category.  The  Increasing  number  of 
stub  mast  failures  shown  on  the  figure  Indicate  that  the  stub  mast  Is 
apparently  susceptible  to  failures  due  to  slam  Induced  vibration  and  fatigue. 
SHIPALTS  to  generally  Improve  the  material  condition  of  the  FF-1052  Class 
ships  are  constantly  being  developed  and  Implemented  though  they  will  not 
be  discussed  further  herein. 

Though  the  CASREPTS  rarely  provided  quality  ship  motion  or  environ¬ 
ment  descriptors,  it  was  possible  to  Identify  five  ship  motion  or  event 
types  that  were  correlated  to  some  reoccurrtng  type  of  shipboard  damage. 

These  are  rolling  motion,  pitching  motion,  ship  slamming,  foredeck 
Immersion  (or  bow  wetness),  and  stern  wetness.  Further,  upon  Inspection 
of  the  CASREPTS  and  other  tF-1052  Class  ship-reported  data,  a  list  of 
tentative  motion  limits  has  been  established  to  be  used  In  this  Catalog. 

Two  levels  of  limits  were  Identified.  The  first  Is  the  lowest  level  at 

which  there  Is  a  reasonable  poss I bl 1  I ty  of  damage  occurring.  The  second 

Is  a  level  at  which  there  Is  a  reasonable  probabl 1 1 ty  that  damage  will  occur.  The 

possible  and  probabl e  limits  may  tentatively  be  taken  to  represent  a  5 

percent  and  a  95  percent  probability  of  damage,  respectively. 

Figure  5  presents  the  limits  used  In  this  Catalog  to  develop  the 
Operating  Envelopes,  discussed  In  a  subsequent  section.  For  each  of  the 
five  ship  motions  or  events  previously  Identified,  occurrences  are 
provided  which  reflect  both  probable  and  poss I ble  damage  to  the  ship. 

The  impact  or  type  of  damage  primarily  caused  by  each  motion  or  event 
.ype  Is  also  noted.  For  example,  RMS*  roll  motions  of  10  degrees  will 


*RMS  and  other  statistical  terms  are  described  in  the  Statistics 
sect  Ion. 
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very  probably  cause  a  decrease  In  personnel  safety  as  well  as  damage  to 
sensors  on  the  mast.  RMS  roll  motions  of  5  degrees,  on  the  other  hand, 
may  only  poss i bly  cause  some  loss  of  crew  safety  or  sensor  damage. 

STATISTICS 

The  roll  and  pitch  motions  provided  in  this  Catalog  are  given  in  terms 
of  root  mean  square  or  RMS  values.  The  RMS  value,  statistically,  is  the 
square  root  of  the  variance  or  the  standard  deviation  of  a  time  history  of 
ship  motion  measured  in  a  seaway.  It  is  related  to  the  mean  value  of  ship 
motion  by  the  relation 

Mean  Motion  =  1.25  •  (RMS  Motion) 

The  motion  here  is  taken  to  indicate  a  single  amplitude  of  response.  For 
example,  in  the  roll  mode,  the  ship  first  rolls  over,  say  to  starboard, 
and  then  rolls  back  to  upright  before  proceeding  to  roll  to  port.  The 
total  cycle  of  rolling  is  from  upright-to-starboard-to-upright-to-port-to- 
upright.  The  sum  of  the  excursion  of  rolling  from  upright  to  the  starboard 
and  then  port  sides  is  called  the  double  amplitude  of  motion.  Half  of 
that  maximum  excursion  (for  example  upright-to-starboard-to-upr ight)  Is 
called  the  single  amplitude  of  motion. 

The  RMS  values  provided  in  this  Catalog  can  be  related  to  other  sta¬ 
tistical  motion  values  (single  amplitudes)  by 

Significant  Angle  (Average  of  1/3  Highest  Angles)  =  2.00  •  (RMS  Angle) 
Maximum  Angle  (Highest  in  100  Cycles  of  Wave  Encounter)  =  3.03  *  (RMS  Angle) 

In  general,  significant  single  amplitude  values  (2  •  RMS)  correspond 
to  those  observed  by  the  operator.  In  calm  to  moderate  seas,  only  the 
larger  motions,  due  to  occasional  higher  waves,  are  noted,  and  in  seas 
associated  with  heavy  weather,  more  cycles  of  motion  will  be  of  notice, 
and  the  larger  ones  may  be  of  concern  for  ship  damage  consideration.  In 
these  conditions,  if  the  operator  can  specify  the  height,  period,  and 
directionality  characteristics  of  the  seaway,  then  the  Catalog  should 
provide  a  reliable  prediction  of  the  ship  motions  and  events.  Some  vari¬ 
ations  in  magnitude  may  be  noted  and  are  due,  in  general,  to  simplifications 
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made  In  the  calculation  process.  However,  the  observed  trends  of  Increasing 
or  decreasing  ship  motions  and  related  events  with  heading  and  speed  vari¬ 
ations  In  the  seaway  should  be  reasonably  consistent  with  the  Data  Base 
graphs. 

It  should  be  noted  that  the  significant  wave  height  values  provided 
in  Table  2  are  double  amplitude  heights. 

SPEED  POLAR  GRAPHS 

Having  discussed  the  seaway  and  the  ship  motion  damage  limits,  the 
format  of  the  HWOG  Catalog  Is  now  described.  As  Indicated  previously, 
each  seaway  section  consists  of  two  sets  of  graphs,  namely  the  Operat I ng 
Envelopes ,  and  the  Data  Base  graphs,  described  in  the  next  two  sections. 

Each  of  these  are  presented  in  a  graphical  format  called  a  speed  polar 
graph,  which  has  as  its  grid  the  regions  of  possible  ship  headings  and 
speeds.  Figure  6  Illustrates  this  grid  system  which  indicates  constant 
ship  speeds  upon  the  concentric  circles  and  constant  ship  headings  (to 
the  waves)  along  the  radial  lines.  All  possible  ship  headings  and  ship 
speeds  up  to  a  nominal  value  of  27.5  knots  are  contained  upon  this  con¬ 
venient  grid. 

Figure  7  provides  a  typical  speed  polar  graph  of  ship  roll  motion 
with  the  fins  Inoperable.  The  contours  drawn  on  the  speed  polar  grid 
Indicate  lines  of  constant  root  mean  square  (RMS)  roll  angle.  The  seaway 
specified  for  this  example  Is  defined  by  a  significant  wave  height  of  20 
feet,  a  period  of  9  seconds,  and  Is  considered  to  be  unidirectional  or 
long-crested.  The  possible  predominant  directions  of  the  seaway  are 
Indicated  along  the  radial  lines.  The  ship  operator  must  observe  the  true 
predominant  direction  (or  determine  it  from  FAX  or  WEAX  reports)  as  dis¬ 
cussed  earlier  In  order  to  establish  a  reference  point  for  Identifying  the 
current  operating  conditions  on  the  speed  polar  graph.  Values  of  RMS  roll 
angle  are  easily  determined  from  the  graph.  For  example,  if  the  ship  Is 
operating  In  starboard,  beam  seas  at  about  15  knots,  the  RMS  roll  angle 
Is  about  5  degrees.  If  the  ship  Is  slowed  down,  the  RMS  roll  angle  may 
exceed  0  degrees  at  5  knots  or  less.  By  altering  the  course  to  a  bow  sea 
heading,  say  degrees  to  the  waves,  the  RMS  roll  motion  will  be  decreased 
to  less  than  2  degrees  and,  based  on  the  tentative  limit  of  Figure  5  (for 


example,  5  degrees), the  15-knot  speed  can  be  maintained  with  no  possibility 
of  damage  due  to  rolllnq  motion.  Thus,  the  speed  polar  format  provides  a 
convenient  means  for  selecting  combinations  of  ship  heading  and  speed  to 
minimize  ship  motions  within  a  specified  seaway.  The  graphs  can  save  time 
by  avoiding  trial  and  error  selection  of  optimum  heading  and  speed  combi¬ 
nations.  As  well,  the  graphs  can  be  used  as  a  training  aid  for  younger 
or  newly  assigned  ship's  officers. 

DATA  EASE 

The  five  motion  and  event  types  listed  on  Figure  fi  were  calculated, 
at  the  locations  Indicated  on  the  figure,  for  each  seaway  Identified  I r. 
Table  2.  The  calculations  were  performed  for  the  ship  in  the  fully  loaded* 
condition  with  a  mean  draft  of  about  15-5  feet.  The  SHIPALT  for  bulwark 
and  spray  rails,  being  backflt  to  some  members  of  the  Class  starting  In 
1977,  was  not  considered,  though  the  net  effect  of  the  SHIPALT  Is  to 
decrease  the  severity  of  bow  wetness.  Roll  motions  were  calculated  for 
the  ship  both  without  (Inoperable)  antirolling  fins  and  with  them  fully 
operable  In  an  optimum  stabilizing  mode.  These  calculations  are  presented 
as  speed  polar  graphs  and  comprise  the  Data  Base  portion  of  the  Catalog. 

The  calculations  of  stern  wetness  indicated  that,  at  the  location 
selected  (the  base  of  the  IVDS  doors), excessive  wetness  would  be  present 
regardless  of  ship  head ing-to-the-waves  or  ship  speed.  This  is  due  to  the 
location's  proximity  to  the  waterline,  and  the  severity  of  the  wave  height 
values  selected  to  represent  heavy  weather  conditions.  Therefore,  no 
further  stern  wetness  data  are  provided  in  this  Catalog.  Rather,  stern 
wetness  should  be  considered  a  persistent  problem  for  FF-1052  Class  ships 


Typical  minimum  ballast,  or  light  load  conditions,  were  found  to  be 
fairly  similar  to  the  full  load  case,  In  terms  of  ship  geometry,  and  have 
therefore  been  Ignored.  For  example,  the  "Damage  Control  Book,  DEI 052/ 
1097,"  1973.  Indicates  only  a  variation  of  0.6  feet  In  mean  draft,  0.1 
feet  In  metacentrlc  height,  and  H*0  tons  in  displacement  between  the  light 
and  full  load  conditions.  Differences  in  ship  motion  due  to  such  small 
variations  In  ship  geometry  are  considered  slight  within  the  context  of 
this  Heavy  Weather  Operator  Guidance  Catalog. 


operating  In  heavy  weather  conditions  until  the  SHIPALT  to  improve  the 
IVDS  doors  is  accomplished  on  the  subject  ships. 


OPERATING  ENVELOPES 


The  remaining  speed  polar  graphs  found  in  this  Catalog  are 
Operating  Envelopes  which  identify  the  ship  heading  and  speed  combinations, 
in  the  specified  seaway,  that  may  cause  damage.  In  brief,  the  Ope  rat i ng 
Envelopes  are  developed  by  identifying  operating  regions,  for  example, 
heading  and  speed  combinations,  within  which  at  least  one  ship  motion  or 
event  limit,  as  defined  on  Figure  5»  Is  exceeded.  By  examining 
Figure  7,  it  Is  straightforward  to  Identify  operation  regions,  where 
the  roll  limits  are  exceeded,  and  hence,  damage  may  occur.  For  example, 
in  the  specified  long-crested  seaway,  it  Is  probable  (10  degree  limit) 
that  damage  will  occur  in  quartering  seas  of  about  120  degrees  at  ship 
speeds  of  15  knots  or  less.  In  direct  beam  seas,  the  poss Ibi 1 i ty  of 
damage  exists  at  speeds  of  about  15  knots  or  less. 

Thus  by  locating  the  regions  where  the  limits  of  Figure  5  occur  on 
each  motion  or  event  Data  Base  graph,  such  as  in  Figure  7,  it  Is  a  simple 
task  to  identify  undesirable  ship  heading  and  speed  combinations.  This 
procedure  is  used  to  develop  Operating  Envelopes  for  each  seaway  and  Is 
further  described  in  Figure  8. 

In  brief,  Figure  8  provides  an  illustration  of  the  development  of 
the  Probable  and  Possible  Operating  Envelopes  using  the  same  long-crested 
seaway  specified  for  Figure  7-  Figures  8a  through  8d  Illustrate  the 
probable  limit  contours  for  roll,  pitch  (no  limit),  bottom  slams,  and  bow 
wetness.  These  limiting  contours  are  extracted  from  the  Data  Base  graphs 
such  as  the  one  shown  for  roll  In  Figure  7-  Figure  8e  shows  the  composite 
of  the  probable  limits  shown  on  Figures  8a  to  8d.  By  shading  out  all 
regions  contained  within  any  one  of  the  motion  or  event  contours,  and  thus 
delineating  those  operating  areas  of  probable  damage,  Figure  8f  Is  devel¬ 
oped.  The  shaded  area  indicates  heading  and  speed  combinations  that  will 
probably  cause  damage  due  to  at  least  one  of  the  four  motion  or  event 
types.  The  white  or  open  area  is  the  safe-f rom-probable  damage  operating 
region.  The  contours  shown  on  Figure  8f  compose  the  Probable  Operating 
Envelope,  and  indicate  that  operations  in  beam-to-head  seas,  regardless 
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of  speed,  and  in  quartering  seas  (120°)  up  to  about  13  knots,  will 
probably  cause  damage  to  the  ship.  Adopttng  stricter  motion  and  event 
limits  (for  example  the  possible  values  given  in  Figure  5)  restricts  the 
"safe"  operating  area  even  more  and  produces  the  Possible  Operating 
Envelope  shown  in  Figure  8g.  Overlaying  the  two  envelopes  shown  on  Figures 
8f  and  8q  produces  the  Combined  Operating  Envelope.  It  Is  this  Combined 
Operating  Envelope,  simply  called  from  here  on  the  Operating  Envelope, which 
Is  contained  with  the  Data  Base  graphs  in  each  seaway  section  of  the  HWOG 
Cata log . 

The  Operating  Envelopes  provided  in  this  HWOG  Catalog  permit  rapid 
evaluation  of  those  headings  and  speed  combinations  likely  to  cause  damage 
to  the  ship  due  to  excessive  ship  motions  or  other  related  events.  However, 
it  should  be  noted  that  the  potential  for  capsizing  and  broaching,  while 
operating  at  high  ship  speeds  in  heavy  following  or  quartering  seas,  has 
not  been  considered  In  the  development  of  these  Operating  Envelopes.  The 
operating  conditions  of  concern  here  are  those  in  which  the  ship  speed 
tends  to  coincide  with  the  wave  speed,  the  ship  length  tends  to 
coincide  with  the  wavelength,  and  the  ship  may  thus  appear  to  ride  the 
waves.  The  encountered  wave  frequency  tends  to  zero  while  the  encountered 
wave  period  tends  to  infinity  for  such  conditions.  L'pon  examining  Figures 
1  ana  2,  it  Is  clear  that  the  condition  may  occur  in  following  seas 
(Catalog  ship  headings  from  150  to  210  degrees)  at  ship  speeds  of  25 
knots  or  greater.  Therefore,  the  Operating  Envelopes  provided  in  the 
Catalog  should  be  used  with  caution  when  following  sea  (150  to  210 
degrees),  high  speed  operating  conditions  are  Indicated  as  an  alterna¬ 
tive  for  avoiding  ship  damage.  Proper  ballasting  of  the  ship  to  preserve 
rudder  submergence  essential  for  maintaining  directional  stability  Is  of 
utmost  Importance  at  such  operating  conditions  and  may,  at  times,  be 
difficult  to  achieve.  Improper  ballast  at  these  conditions  may  cause  the 
ship  to  broach  or  capsize,  so  that  operations  in  following  seas  at  high 
speeds  should  be  accomplished  with  caution. 


MODIFIED  OPERATING  ENVELOPES 

Reference  has  been  made  throughout  to  the  fact  that  guidance  is  pro¬ 
vided  in  two  forms  in  this  Catalog.  These  are  the  Operating  Envelopes 
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and  the  Data  Base  graphs  for  each  motion  or  event  type.  In  general,  the 
operator  should  refer  to  the  Operating  Envelopes  as  a  first  step.  A  more 
detailed  evaluation  of  the  ship  motions  or  events  might  then  follow  If 
greater  detail  regarding  a  specific  motion  or  event  Is  required,  or  If  the 
operator  wishes  to  mod  1 fy  the  provided  envelopes.  The  limits  (see  Figure 
5)  used  to  construct  the  envelopes  In  this  Catalog  are  considered  tenta¬ 
tive,  and  thus,  operator  experience  may  indicate  that  they  should  be 
modified  In  certain  seaways.  This  is  easily  accomplished  using  one  of 
the  removable  plastic  speed  polar  grid  overlays  provided  near  the  back  of 
the  Catalog.  The  transparent  sheet  can  be  overlayed  on  the  Data  Base 
graphs  to  trace,  with  a  grease  pencil,  new  limiting  contours.  New  or 
Modified  Operating  Envelopes  can  thus  be  developed  as  In  the  procedure 
illustrated  on  Figure  8.  This  feature  provides  the  opportunity  to 
customize  the  Operating  Envelopes  to  specific  operator/ship  experience 
In  heavy  weather.  The  Modified  Operating  Envelopes  can  be  retained  for 
future  use  In  the  same  seaway. 

CATALOG  STRUCTURE 

The  HWOG  Catalog  Is  structured  so  that  guidance  for  each  seaway  Is 
provided  in  a  separate  section.  Each  section  Is  delineated  by  a  tab 
indicating  the  significant  wave  height,  the  modal  wave  period,  and  the 
wave  directionality.  The  combinations  of  height  and  period  are  identi¬ 
fied  on  Table  2.  A  tab  title  of  20  ft.,  9  sec.,  LC  indicates  a  long- 
crested  seaway  characterized  by  a  significant  wave  height  of  20  feet  and 
a  modal  wave  period  of  9  seconds. 

The  seaway  sections  are  ordered  from  lower  to  higher  wave  heights, 
and  then  lower  to  higher  wave  periods.  Long-crested  (LC)  and  short- 
crested  (SC)  sections  alternate.  For  example, 


15  Ft. ,  13  Sec. ,  SC 
20  Ft.,  7  Sec.,  LC 
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20  Ft.,  7  Sec.,  SC 
20  Ft.,  9  Sec.,  LC 


Illustrates  the  sequence  of  sections. 

Each  section  Is  stapled  together  such  that  it  can  be  removed  from 
the  spiral-bound  Catalog  for  easy  transport  to  and  access  on  the  bridge, 

In  CIC,  etc.  The  sections  follow  the  order 

Operating  Envelope  Without  Fin  Stabilizers 
Operating  Envelope  With  Fin  Stabilizers 
Roll;  No  Fins 

Roll;  With  Fin  Stabilizers 

Pi  tch 

Slams 

Bow  Wetnesses 

The  units  of  the  motions  and  events  and  the  location  (events)  for  which 
they  were  calculated  are  given  on  Figure  5- 

ROLLING  DUE  TO  WIND 

It  should  be  noted  that  the  roll  motion  Data  Base  graphs  Included  In 
this  HWOG  Catalog  are  representative  of  the  dynamic  rolling  of  the  ship 
In  a  seaway.  In  other  words,  the  Catalog  contains  roll  motion  Induced  by 
the  action  of  the  waves  upon  the  hull  (primarily  that  portion  of  the  hull 
below  the  waterline).  However,  ships  at  sea  also  experience  a  static  roll 
motion,  called  heel,  which  Is  due  primarily  to  the  force  of  the  wind  on 
the  above  waterline  hull  and  the  superstructure. 

Simple  estimates  of  wind-induced  heel  angles  have  been  made  and  are 
provided  In  Figure  9  by  again  using  a  polar  format.  The  contours  represent 
levels  of  constant  heel  angle  as  a  function  of  relative  wind  direction 
(constant  along  radial  lines)  with  respect  to  the  ship  and  the  relative 
wind  speeds  (constant  on  concentric  circles),  as  measured  with  the  ship's 
anemometer  from  0  to  1*5  knots.  The  calculation  of  the  combination  of 
static  (heel)  roll  due  to  the  wind  with  dynamic  roll  due  to  the  waves  has 
not  been  attempted  due  to  the  variability  of  ambient  winds  for  a  given 
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seaway.  However,  a  simple  estimate  of  the  ship's  heel  In  a  seaway  can  be 
made  by  summing  the  static  heel  angles  provided  in  Figure  9  with  the 
dynamic  roll  angles  provided  for  each  seaway  In  the  Data  Base  graphs. 

SUMMARY 

At  this  point,  the  FF-1052  Class  ship  operator  has  all  of  the  essen¬ 
tial  Instruction  for  accessing  and  using  this  HWOG  Catalog.  In  brief, 
these  steps  should  be  followed: 

1.  Determine  values  of  significant  wave  height,  wave  period, 
and  wave  directionality  from  FAX  or  WEAX  reports  or  from 
shipboard  observation.  Then  use  Table  2  to  Identify 
specific  values  for  accessing  the  Catalog.  If  wave  period 
is  unknown,  use  the  most  likely  period.  If  wave  direction¬ 
ality  is  unknown,  assume  short-crested  seas.  The  wave 
height  must  be  determined  in  order  to  access  the  Catalog. 

2.  Turn  to  seaway  section  labeled  for  three  parameters  defined 
in  1  above.  Remove  section  from  spiral  binder  for  con¬ 
venient  transport  and  access. 

3.  Examine  Operating  Envelopes  to  determine  damage  likelihood. 
Determine  optimum  ship  headings  and  speeds  for  meeting 
mission  objectives  and  minimizing  damage  potential. 

4.  If  Operating  Envelopes  are  either  too  severe  or  too  lax, 
based  on  own  experience,  turn  to  Data  Base  graphs  to 
examine  individual  ship  motions  or  events  In  more  detail. 

5.  Locate  preferred  motion  or  event  limits  on  Data  Base 
graphs  and  trace  new  contours  onto  removable  plastic  speed 
polar  grids  provided  at  back  of  Catalog.  Follow  procedure 
of  Figure  8  to  develop  Modified  Operating  Envelopes. 

Retain  these  envelopes  for  future  use  In  same  seaway. 

6.  Determine  relative  wind  Induced  heel  angle  from  Figure  9 
by  assuming  it  occurs  simultaneously  with  the  ship's 
dynamic  roll  about  the  heeled  axis. 


FLEET  FEEDBACK 


This  HWOG  Catalog  Is  the  product  of  a  pilot  project  to  provide  FF-1052 
Class  operators  with  otherwise  unavailable  seakeeping  Intelligence  data. 

The  Intent  of  the  Catalog  is  to  provide  comprehensive,  reliable,  and 
readily  accessible  information  to  the  operator  for  use  as  a  training  or 
decision  making  aid  In  avoiding  heavy  weather  damage.  Comments  from  the 
operators  regarding  the  utility,  content,  format,  and  completeness  of  this 
Catalog  will  be  valuable  in  determining  whether  to  improve  or  continue 
with  such  efforts  for  FF-1052  Class  ships.  Additionally,  copies  of 
Modified  Operating  Envelopes  could  shed  insight  Into  the  value  of  the 
tentative  damage  avoidance  limits  provided  in  Figure  5-  Correspondence 
should  be  directed  to 

Commander,  Naval  Sea  Systems  Command 
NAVSEA  Code  93*t 
Department  of  the  Navy 
V/ashlngton,  D.C.  20362 

and  can  be  prepared  using  the  NAVSEA  (USER)  TECHNICAL  MANUAL  DEFICIENCY/ 
EVALUATION  REPORT  (TMDER)  forms  provided  at  the  end  of  the  Catalog. 
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TABLE  1  -  TYPES  OF  SEAKEEPIUG  OPERATOR  GUIDANCE 


TABLE  2  -  CHARACTERISTICS  OF  SEAWAYS  CONTAINED  IN  HEAVY 
WEATHER  OPERATOR  GUIDANCE  CATALOG 


Significant  Wave  Height, 
Feet 


Wave  Period  (Modal  or  Peak), 
Seconds 


Observed 

Foreca; 

ited 

7 

to 

10 

1C 

to 

13 

11 

to 

15 

14 

to 

17 

16 

to 

25 

18 

to 

25 

26 

to 

38 

26 

to 

35 

39 

to 

55 

36 

to 

^5 

Notes:  Significant  wave  height  and  modal  or  peak  wave  period  combina¬ 
tions  for  which  seakeeping  guidance  is  provided  in  this  Catalog 
are  denoted  by  an  "x".  Fach  period  occurs  at  least  5  percent  of 
the  time  for  each  height,  and  together  the  periods  represent  90 
percent  or  more  of  occurrences  at  each  height.  Most  likely 
periods  are  noted  by  the  boxed  in  areas.  Both  long-crested  and 
short-crested  seas  are  included  for  each  height  and  period 
combinat ion. 


TABLE  3  -  CURRENT  TYPES  OF  ROUTINELY  AVAILABLE  WEATHER  DATA  TO  THE  FLEET  OPERATOR 
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TABLE  4  -  SEA  STATE  CHART  FOR  WORLDWIDE,  ALL  SEASON  NAVAL  OPERATIONS 


Sea 

State 

Significant  Wave 
Height,  feet 

Sustained  Wind  Speed 
at  32.8  feet,  knots 

Percent  Frequency 
of  Occurrence 

1 

0  to  1.9 

0  to  10 

7.5 

2 

1 . 9  to  4.1 

10  to  14 

25.0 

3 

4.1  to  5.7 

14  to  17 

12.5 

4 

5.7  to  7.4 

17  to  20 

8.0 

5 

7.4  to  13. C 

20  to  25 

39-5 

13.0  to  20.8 

25  to  32 

6.6 

20.8  to  40.3 

32  to  44 

cn 

o 

V 

H 

40.3  to  61.6 

44  to  55 

~  0.0  1 

Note:  The  percent  frequency  of  occurrence  statistics  contained  hereon 

were  based  on  the  best  set  of  historical  data  currently  published. 
Even  so,  major  portions  of  the  North  Pacific  are  not  covered  in  the 
data  set. 

The  most  likely  occurrence  is  Sea  State  5,  with  Sea  State  2 
being  the  second  most  likely.  The  apparent  discontinuity  In  these 
two  occurrences  is  due,  at  least  in  part,  to  the  uneven  spacing  of 
the  wave  height  ranges. 
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Figure  1  -  True  Wave  Periods  For  Head  and  Following  Sea  Operations 


TRUE  WAVE  PERIOD,  SECONDS  (AT  75  TO  105  OR  255  TO  285  DEGREES, 


Figure  2  -  True  Wave  Periods  for  Bow  and  Quartering  Sea  Operations 


PERCENT  INDEPENDENT  CASREPTS  FOR  FF-1052  CLASS 


(DERIVED  FROM  ALL  EASE  CAUSE  5  CASREPTS  1/1/72  TO  g/17/77) 


Figure  3  “  Monthly  Distribution  of  Heavy  Weather  Damage  to 
FF-1052  Class  Ships 
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FF-1052  CLASS  MOTION  OR  EVENT  LIMITS  TO  AVOID  DAMAGE 


HEAD  SEAS 


Following 

San 


Figure  6  -  Definition  of  Speed  Polar  Grid  System 
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FF  1052:  FULL  LOAD 
NO  FINS 


SEAWAY  :  WAVE  HEIGHT  2  0  FT 
PERIOD  0  9  SEC 

LONG  CRESTED 


HEAD  SEAS 


Not.:  Tick  Marks  Roll  Anglo  Ar. 

Indict.  Direction  of  Grot.r  Than 

Increasing  Motion  5  Degrees 


•  Outside  Contour, 
Roll  Angles  Are 
Less  Than 
5  Degrees. 


Figure  7  -  Typical  Speed  Polar  Graph  Containing  Ship  Motion  Contours 
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SEAWAY:  WAVE  HEIGHT  20  FT. 

PERIOD  09  SEC. 

LONG-CRESTED 


d)  60  BOW  WETNESSES  PER  HOUR 


c)  10  BOTTOM  SLAMS  PER  HOUR 


ODCORCES 


g)  POSSIBLE  OPERATING  ENVELOPE  h)  COMBINED  OPERATING  ENVELOPES 

Figure  8  -  Development  of  Ship  Operating  Envelopes  for  a  Given  Seaway 
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HEAD  SEAS 
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OPERATING  ENVELOPE 
WITHOUT  FIN  STABILIZERS 


possible  damage 


PROBABLE  DAMAGE 
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SEAWAY:  WAVE  HEIGHT  20  FT 
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HEAD  SEAS 


FF-1052:  FULL  LOAD 


SEAWAY  :  WAVE  HEIGHT  20  FT 
PERIOD  09  SEC 

LONG-CRESTED 


HEAD  SEAS 


roll;  with  fin  stabilizers 
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LONG -CRESTED 


HEAD  SEAS 
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Norfolk 

4  NAVMAT 

1 

FWC 

Pearl 

NMAT  08T233  LCDR  T.  Hinton 
NMAT  08T232  D.  Moran 
NMAT  08T24  G.  Spalding 
NMAT  08T245  CDR  E.  Young 


1  PMTC 

CDR  J.  Tupaz 

A  NORDA 


27  NAVSEA 

SEA  00  VADM  C.  Bryan 
SEA  03  RADM  j.  Lisanby 
SEA  312  CAPT  J.  Kehoe 
SEA  321  W.  Reuter 
SEA  31 R  R-  Dilts 
SEA  32R  L.  Benen 
SEA  3213  R-  Keane 

E.  Comstock  (10) 
W.  Sandberg 
SEA  512  R.  Bushway 
SEA  61R4  H.  Demattia 
SEA  61433  F.  Prout 
0.  White 
T.  Sharar 

SEA  93  RADM  J.  Beecher 
SEA  934  CAPT  D.  Stembel 
SEA  9342  0.  Bragg 
M.  Apter 

2  NAVA  I R 

AIR  530214A  R.  Mai  at i no 
PMA  266  CDR  Costello 


1  0CEANAV 

CAPT  J.  McDonnell 


R.  Goodman 
A.  Greene 
J.  Pacquin 
J.  A1 lender 


4  NAV0CEAN0 
CAPT  Palmer 
3431  0.  Von  Zweck 
3700  R.  James 
N00  Library 

2  NEPRF 

CAPT  Schram 
A.  Weinstein 

1  NATC 

Library 

3  CEL 

L44  F.  Liu 
L40  R.  Cordy 
Library 

2  N0SC 

52  H.  Talkington 
Li brary 


7  FNWC 

CAPT  P.  Petit 
CDR  R.  Miller 
LCDR  W.  Rogers 
N.  Stevenson 
J.  Zuver 
W.  Clune 
S.  Lazanoff 


1  NUSC 

Library 

3  NAEC 

91214  S.  Puglisi 
91232  R.  Brown 
Library 

1  NADC 

Li brary 
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DISTRIBUTION  (continued) 


2  NWSD  Ashevi 1 le 

2  APL 

1 .  Katz 

CDR  T.  Fitzpatrick 

H.  Black 

J,  Own bey 

1  CUNY 

1  OPTEVFOR 

W.  Pierson 

1  navsafecen 

2  MIT 

P.  Mandel 

1  NISC 

Engineering  Library 

3  Naval  War  College 

1  University  of  Michigan 

Center  for  War  Gaming 

F.  Oqilvie 

LCDR  M.  Gibbs 

Library 

1  Stevenson  Institute  of  Technology 

J.  Dalzell 

1  MSC 

1  MPR  Associates 

4  USNA 

F.  Sellars 

Nav.  Sys.  Eng.  Dept. 

R.  Bhattacharyya 

1  Netherlands'  Ministerie  Van  Detens 

E.  Lewis 

(Marine) 

Tech.  Library 

J.  Di rkzwager 

2  NAVPGSCOL 

1  University  of  Delft 

W.  Thompson 

J.  Gerritsma 

Library 

2  AMTE  (Haslar) 

4  USCG 

A.  Llloyd 

W.  Cleary 

N.  Andrew 

LCDR  T.  Robinson 

D.  Walden 

1  Bell  Helicopter 

Library/5"2 

p .  O’Reilly 

3  MARITIME  ADMINISTRATION 

1  Sikorsky  Aircraft 

R6D  Office 

F.  Camara tta 

Div.  of  Ship  Design 

Library 

4  ORI,  Inc. 

D.  Burklew 

1  SRC 

J.  Whalen 

R .  Rumke 

p.  Schmitt 

D.  Gentile 

1  CERC 

0.  Harris 

1  Ocean  Routes,  Inc. 

W.  Si lverla 

2  NOAA 

CAPT  W.  Nicholson 

1  Boeing  Marine  Systems 

P.  DeLeon i bus 

D.  Stark 

G.  Flittner 

1  NASA  Langley 

2  EG  &  G 

G.  Seeber 

W.  Jones 

G.  Webb 
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DISTRIBUTION  (Continued) 


Copies 

CENTER 

DISTRIBUTION 

CODE 

2 

Rockwell  International 

C .  Si mms 

1572 

E.  Zarnick 

J.  Winston 

1140 

J.  Gore 

1 

Raytheon  Company 

1170 

S.  Hawkins 

P.  Viscardi 

1170 

G .  Lamb 

2 

Advanced  Marine  Enterprises 

18 

G.  Gletssner 

0.  Jons 

184 

J.  Schot 

D.  Halgerson 

1843 

H.  Haussling 

1 

ERT 

1843 

M.  Haas 

J.  Hayes 

1843 

R.  Van  Eselti 

2 

Hydronautics 

1843 

M.  Marquardt 

H .  Lain 

J.  Guilfoyle 

1730.3 

W.  Buckley 

1 

E.  Dillon 

1 

0.  Oakley 

1  NTSB 

R.  Johnson 

1  Presearch,  Inc. 

J.  Breemer 

CENTER  DISTRIBUTION 

Code 

00  CAPT  M.  Ricketts 


01 

A. 

Powe 1 1 

15 

W. 

Morgan 

1502 

V. 

Monace l la 

1507 

D. 

C ies lowsk i 

1513 

W. 

Cummins 

1524 

W. 

Lin 

1552 

J. 

McCarthy 

156 

G. 

Hagen 

1568 

G. 

Cox 

1568 

N. 

Bales 

1568 

A. 

Ba  i  t  i  s 

1572 

G. 

Wachnik 

DTNSRDC  ISSUES  THREE  TYPES  OF  REPORTS 


1.  DTNSRDC  REPORTS,  A  FORMAL  SERIES.  CONTAIN  INFORMATION  OF  PERMANENT  TECH¬ 
NICAL  VALUE.  THEY  CARRY  A  CONSECUTIVE  NUMERICAL  IDENTIFICATION  REGARDLESS  OF 
THEIR  CLASSIFICATION  OR  THE  ORIGINATING  DEPARTMENT. 

2.  DEPARTMENTAL  REPORTS.  A  SEMIFORMAL  SERIES.  CONTAIN  INFORMATION  OF  A  PRELIM¬ 
INARY.  TEMPORARY,  OR  PROPRIETARY  NATURE  OR  OF  LIMITED  INTEREST  OR  SIGNIFICANCE. 
THEY  CARRY  A  DEPARTMENTAL  ALPHANUMERICAL  IDENTIFICATION. 

3.  TECHNICAL  MEMORANDA,  AN  INFORMAL  SERIES,  CONTAIN  TECHNICAL  DOCUMENTATION 
OF  LIMITED  USE  AND  INTEREST.  THEY  ARE  PRIMARILY  WORKING  PAPERS  INTENDED  FOR  IN¬ 
TERNAL  USE.  THEY  CARRY  AN  IDENTIFYING  NUMBER  WHICH  INDICATES  THEIR  TYPE  AND  THE 
NUMERICAL  CODE  OF  THE  ORIGINATING  DEPARTMENT.  ANY  DISTRIBUTION  OUTSIDE  DTNSRDC 
MUST  BE  APPROVED  BY  THE  HEAD  OF  THE  ORIGINATING  DEPARTMENT  ON  A  CASE-BY-CASE 
BASIS. 


